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SUMMARY

Varieble charge-alr flow, cooling-alr pressure drop, and fuel-
alr ratio investigations were conducted to determine the cooling
characteristics of a full-scale air-cooled single cylinder on a
CUE setup. The data are compared with simllar data that were avail~
able for the same model multicylinder sngine tested in fllght in a
four-engine alrplane,

The cylinder-head cooling correlations were the same for both
the single-cylinder and the flight engine. The coollng correlations
for the barrels differed slightly in that the barrel of the eingle-
cylinder engine runs cooler than the barrel of the flight englne for
the same head temperatures and englne condltions.

INTRODUCTION

At the request of the Air Technical Service Command, Army Alr
Forces, an lnvestigatlion 18 being conducted at the NACA Cleveland
laboratory to evaluate triptane and other high antiknock additives
as blending agents of aviatlon fuels. A part of thls program 1s to
corrolate the knock-limited and cooling-limited performances of a

8ingle cylinder on a CUE setup with those of a multicylinder englne
in flight.
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The relation of the kmock limlt to the:cooling limit is impor-
tant In predicting the maxlimum safe englne performance. Whereas the
knock limits of the slngle-cylinder and flight engines may match,
the coolling limlt of the single-cylinder engine could be very dif-
ferent from that of the flight engine. The knock-limited performance
of the single-cylinder and flight engines compared under a variety
of englne operating conditions is reported in part II.

The cooling characteristice of the flight engine are presented
in reference 1. The tests presented in this report were conducted
at the NACA Cleveland laboratory during April 1945 and permit the
study of the single-cylinder cooling by the NACA cooling-correlation
equations.

INSTRUMENTATION

An attempt was made in the single-cylinder tests to simulate
Just as closely as posslble all the conditions of the flight tests
reported in reference 1, with which the single-cylinder da‘a obtailned
in these tests were to be correlated. A front-row cylinder for the
same model engine was used in the setup showm 1n figure 1. The com-
vression ratio In beth cases was 6.7. A vaporization tank was ilnstalled
in the single-cylinder setup (fig. 2) to simulate the mixing and vapor-
izing of the fuel in the flight engine. A standard engine Intake pipe
was lnstalled to repreosent the Inductlon system of the flight engine.
The fuel was 28-R In both series of tests.

The locatlon of thermocouples and pressure tubes ln the flight
tests is set forth in detail in tho apnendix of referemce 1, The
locations were kept as nearly as possitle the same in the single-
cylinder setup. The coollng-alr pressure distribution that would
be encountered 1n flight was simulated by cooling-alr turbulence
vaneas in front of the single cylinder. Cylinder tomperatures were
measured by iron-constantan thermocouples located at the rear-spark-
vlug gasket, the frcnt-spark-plug boss, the rear-spark-plug boss,
the rear middle barrel, and the rear flange. The mlixture tempera-
ture In both cases was measured by an unskielded iron-constantan
thermocouple inatelledé in the center of the S0° elbow of the lntake
pipe. In the flight tests the mixture anu cylinder tewmeretures were
determined iIrcm an average of the 14 cyllnders., The cooling-alr
nressure drop across the single cylinder for both the cylinder heads
and barrels was determined from the differential of the totel pressure
ahead of the cylinder and the statlc pressure at the rear of the
cylinder. The ccollng-air pressure was corrected to a standard alr
density of 0.002378 elug per cubic foot ahead of the cylinder.
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The cold valve cleerances for the single-cylinder englne were
set at 0,090 inch for ths intake valve and 0.060 inoch for the exhaust
valve. These valve clearances were foumd in a ‘previous investigation
(reference 2) on the same single-cylinder setup to give a running
-valve timing close to that specified for the multicylinder engine
(intake opens, 3G° B.T.C.; intake closes, 60° A.B.C.; exhaust opens,
76° B.B.C.; exhaust closes, 20° A.T.C.). The cold valve clearances
for the flight engine were set at 0.020 inch as specified by the
engine manufacturer .

TEST FROCEDURE

Three types of coollng test were rum to obtain single-cylinder
data to compare with the cooling data for the flight engine pre-
sented in reference 1. The cherge-alr flow, the cooling-air pressure
drop, and the fuel-cir ratlo were independently varied and at condi-
tions very closely matching those of the flight-engine tests. The
englne operating conditlions that were used in the single-cylinder
teets are presented in the following table:

SINGTE-CYLINDER ENGINE OPERATING CONDITICNS

@mgine speed, 2250 rpm; spark advance, 25° B.T.C.;
cooling-eir temperature aheed of cylinder, T, 538° r.]

Test variables
Engine Conditions Cbarge- [Cooling-air [Fuel-air
air flow|pressure drcp| ratlo
Charge-air flow, M,, Varled 405 413
1b -¢cylinder
Cooling-alr pressure
drop, in. water:
Head OApy, 11.6 Varled 11.8
Barrel OApy, 10.7 Varied 11.0
Fuel-alr ratio 0.080 0.080 Yaried
Dry inlet-air temperature, OF 200 200 180

RESULTS AND DISCUSSION

Comparison of engine temperatures; - Flgures 3, 4, and 5 are a

presentation of cylinder temperatures and engine performance against

charge-air flow, cooling-eir pressure drop, and fuel-air ratio,

respectively, for the single-cylinder and flight engines.

The
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cylinder-head temperatures for the single-cylinder and fiight
englines match very well, but the cylinder-barrel temperatures for
the single-cylinder englne are lower than for the flight englne.
Single-cylinder engine performence 1B presented on an indlcated
basis and flight engine performance (from reference 1) 1s presented
on & brake baslis. Tho cooling-air-pressure distribution for the
two englnes was not the same 1n that the pressures were higher for
the barrels and lower for the heads of the single-cylinder englne
than for the flight engine.

In order to compare the cylinder temperatures for the single-
cylinder and fllght engines the difference in the cooling-air tem-
perature akead of the cylinder Ty, for the single-cylinder and
flight engines (18° F) was added to the cylinder temperatures of
the flight englne. The cooling-alr temperature ahead of the cylinder
Ty, Ffor the single-cylinder engine wes 58° F and for the flight
engine was 40° F.

In figures 3, 4, and 5 the menifold pressures of the slngle-
cylinder and the fllight engines differ in that the polnts of meas-
urement were different.

FMgures 6 and 7 show that for the single-cylinder and flight
engines the rear-spark-plug boss and the rear middle-barrel temper~
atures have the same relatlon to the rear-spark-plug gasket and the
rear flenge temperatures, respectlvely. In figure 7 there is no
straight-line relation between the temperatures for the variable
cooling-alr pressure drop runs but the temperatures for the single-
cylinder and flight englines fall on the same curve.

Comparison of engine cooling by the NACA correletion method. -
The NACA cooling-correlation equations as used for the flight englne
(reference 1) are as follows:

and



where
Ty average cylinder-head temperature, OF -
Ty average cylinder-barrel temperature, °OF .
Ty cooling-air temperature ahead of cylinder, °F
TS , T mean effective ga.s temperature for head and barrel,’

h” 8p respectively, OF

Eounds@our

W, charge-air flow (on Flight-engine basis), 1050
c ratlo of cooling-alr denslity ahead of cylinder to

standard air density of 0.002378 slug/cu ft

Ap}‘, Apb cooling-alr pressure drop for head and barrel, respec-
* tively, in. water

n, m k empirical constants

For the cooling correlation pressenteé 1n this report the rear-
spark-plug boss and the rear middle-barrel tempsratures were used
as an indication of T, and T,, wrespectively.

Following the procedure used in roferences 1 and 3, varlations
of 'I‘8 wlth changes in dry inlet-charge temperatures are acccunted

for by using a referonce mean effective gas temperature Tgo for a

dry inlet-charge temperature of 0° F and the following equations
(from reference 4):

‘.'L‘Sl1 = T8011 + 0.8 T,
'I'sb = TSo-b + 0.42 Tm
wvhere
T, dry inlet-charge-temperature, CF

Tsoh’ T80 reference mean effective gas temperature for head and
b

barrel, respectively, °F (T, = 0° F) Tgo is solely

e function of fuel-air ratio in these tests.
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In the correlation for the single-cylinder engine the same
values of Tth and T (1086° and 536° F, respectively, at

Eoy,

a fuel-air ratio of 0.08D) were used as 1n references 1l and 3.

The values of the constents n, m, and %k in the correlation
equatlons were determined from the varlabdle charge-alr flow and
cooling-alr pressure drop tests at a fuel-alr ratlo of 0.080. The
variation of T and T with fuel-alr ratlio was then deter-

8oy 8oy, )
mined from the wvarlable fuel-air ratio tests.

The exponent n that governs the effect of charge-air flow on

Th - Ta Tp - Ta
the functions 7 7. and T —_ o 1s evaluated from the slopes
& h &y b

of the plots shown Iin figwre 8.

The exponent m that governs the effect of vooling-alr pressure

Th - Ta Tp - Ta )
drop on the functions 'T"—:"TE and T—T_T; is evaluated from the
n &y

slopes of the plots shown 1n figure 9.

Final cooling-correlation lines for heads arnd barrels of the
single-cylinder and flight engines were obtalned by using the expo-
nents deternined from the plots shown in f;gure7 8 and 9 and by

. - n/m
ip - Ty Tp - Ta We
plotting .,:[.-—-—:-T—h and F T T; egainst Tap (fig. 10). The
€n '
cooling equations obtained were as follows:

For heads, single-cylinder and flight engines:
0.320
2,134

- wW."*

™-Ta _og.270 (_0___)

Tsh - Ty GApy

For barrels, single-cylinder engine:

1.614 0.438
™ - T W
b a ( c

— = O, 340 __A_———

Tg'b - \0' Pp
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For barrels, flight englne:

LT R

- l]--'309 0-567 =
Ty - Tg Vo
I = 0.505,
8 Ty OApy, i

For the single-cylinder and flight engines the constants in
the equation for the heads are the same, which iIndicates the same
relation of head temperature to change 1n power and cooling-alr
pressure drop wlth other conditions the same. The constants.in
the equation for the barrels are, howvever, different for the two
conditions because the barrel of the singie-cylinder engline runs
coolor than the barrel of the flight engine for the same power end
cooling-alr pressurv diop.

Flgure 11 is a plot of Tg agalnst fuel-alr ratio for the
0

heads and barrels of the single-cylinder cond the flight ongines.
The T_ curves for the flight englne were obtuined from data at
a wideéSariety of englne conditions. (See references 1 ard 3.)
The Téo curves for the single-cylinder and flight englnes match

falrly well.

SUMMARY OF RESULTS

The cyllinder-head cooling correlatlions were the sams for both
the single-cylinder and the fllght englmes. The cooling correla-
tions for the barrels differed slightly in that the barrel of the
slngle-cylinder engline runs cooler than the barrel of the flight
engino for the samé head temperaturcs and engine condltlons.

Alrcraft Engine Research Laboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Ohlo, October 4, 1945.
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Figure 1ll. - Variation of mean effective gas temperature Tg with fuel-
0

air ratio for the single-cylinder end flight engines. Engine speed,
2250 rpm; compression ratio, 6.7; spark advance, 25° B,T.C.; fuel, 28-R.



\)I\\\ﬂlr\\\|‘U\|\\\fﬂl|\Y\\\llﬂtﬂ‘ﬂ\\HI\\\\

31176 013



